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1
POWER STORAGE MODULE

This application 1s a National Stage of International
Application No. PCT/IP2017/041846 filed Nov. 21, 2017,
claiming priority based on Japanese Patent Application No.

2016-246298 filed Dec. 20, 2016 and Japanese Patent Appli-
cation No. 2017-025309 filed Feb. 14, 2017, the contents of
all of which are incorporated herein by reference 1n their
entirety.

TECHNICAL FIELD

The present invention relates to a power storage module.

BACKGROUND ART

As a secondary battery, a bipolar battery disclosed 1n
Patent Document 1 1s known. In the bipolar battery, bipolar
clectrodes each having a positive electrode on one face of a
current and a negative electrode on the other face of the
current collector are stacked alternately with electrolyte
layers. A resin seal portion 1s provided between adjacent
current collectors.

CITATION LIST

Patent Document

Patent Document 1: Japanese Patent Application Publi-
cation No. 2006-86049

SUMMARY OF INVENTION

Technical Problem

The electrolyte layers each include a separator that per-
mits electrolytic solution to pass therethrough. Meanwhile,
the separators are disposed between adjacent current collec-
tors (electrode plates) to prevent short circuit between the
current collectors. In a direction that crosses the stacking
direction of the bipolar electrodes, a clearance may be
present between the separator and the resin seal portion. IT
such a clearance 1s present, there 1s a fear that, when any of
the electrode plates 1s deformed for some reason, a short
circuit may occur between adjacent electrode plates through
the clearance. Deformation of an electrode plate described
above may occur during formation of the seal portion or
when an internal pressure changes during the use of the
battery.

The present ivention 1s directed to providing a power
storage module that prevents short circuit between adjacent
clectrode plates.

Means for Solving Problem

According to an aspect of the present invention, there 1s
provided a power storage module that includes a plurality of
bipolar electrodes each including an electrode plate, a posi-
tive electrode formed on a first face of the electrode plate,
and a negative electrode formed on a second face of the
clectrode plate; and a plurality of separators with which the
bipolar electrodes are stacked alternately. The power storage
module includes a cylindrical resin portion that extends 1n a
direction 1n which the bipolar electrodes are stacked and that
accommodates therein the plurality of bipolar electrodes.
The resin portion includes a first seal portion that has a
cylindrical shape and 1s joined to peripheral edge portions of
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the electrode plates, and a second seal portion that has a
cylindrical shape and i1s disposed outside the first seal
portion 1n a direction that crosses the stacking direction of
the bipolar electrodes. The separators are disposed such that
outer peripheral ends of the separators are located between
an outer peripheral end of the first seal portion and an 1nner
peripheral end of the first seal portion.

According to the power storage module, the peripheral
edge portions of the electrode plates may be sealed by the
first seal portion. The outer peripheral surface of the first seal
portion may be sealed by the second seal portion provided
outside the first seal portion. Since the resin portion has a
double sealing structure, any gas or electrolytic solution
present 1 spaces between adjacent electrode plates 1s pre-
vented from moving to the outside of the spaces. The
separators are each disposed between the adjacent electrode
plates. Since the outer peripheral ends of the separators are
located between the outer peripheral end of the first seal
portion and the mner peripheral end of the first seal portion,
the separators are always situated 1n a region nside the inner
peripheral end of the first seal portion. In other words, 1n the
direction that crosses the stacking direction of the bipolar
clectrodes, the separators overlap with the first seal portion.
Thus, the separators are always situated between the adja-
cent electrode plates. With this configuration, there 1s no
region where the adjacent electrode plates directly face each
other, so that short circuit between the electrode plates 1s
prevented.

The first seal portion may include a plurality of frame
bodies that 1s stacked 1n the stacking direction of the bipolar
clectrodes. Each of the frame bodies 1s contacted with the
peripheral edge portion of the corresponding electrode plate
and has a thickness that 1s greater than a thickness of the
separators in the stacking direction of the bipolar electrodes.
The frame bodies may each have a stepped portion in which
the outer peripheral end of the corresponding separator 1s to
be disposed. In this case, since the separators are disposed 1n
the stepped portions of the frame bodies, 1t 1s easy to achieve
the above-described structure 1n which the separators over-
lap with the first seal portion. Furthermore, the influence of
the separators on the thickness of the frame bodies 1n the
stacking direction has been reduced.

The frame bodies may each include an inner peripheral
portion that 1s disposed on either one of the first face and the
second face of the corresponding electrode plate and joined
to the one of the first face and the second face on which the
frame body 1s disposed, and an outer peripheral portion that
1s formed continuously from an outer side of the inner
peripheral portion, and 1s contacted with one of the frame
bodies that 1s adjacent in the stacking direction of the bipolar
clectrodes. The stepped portions are each formed between
the inner peripheral portion and the outer peripheral portion
of the corresponding frame body. In this case, since each
frame body 1s joined to only one of the first face and the
second face of the corresponding electrode plate, the pro-
cessing cost for joining the frame body to the electrode plate
(e.g., the cost for the surface treatment on the electrode
plate) may be reduced. Furthermore, since the outer periph-
cral portion has a thickness in the stacking direction of the
bipolar electrodes (1.e., the height), 1t 1s easy to form the
stepped portion 1n which the separator 1s to be disposed.

The frame bodies each include a first frame body member
that 1s disposed on the first face of the corresponding
clectrode plate and joined to the first face, and a second
frame body member that 1s disposed on the second face of
the corresponding electrode plate and joined to the second
face. Either one of the first frame body member and the
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second frame body member of each of the frame bodies may
have a stepped portion. In this case, because the electrode
plate 1s sandwiched between the first frame body member
and the second frame body member, the joining process of
the first frame body member and the second frame body
member to the electrode plate may be facilitated. The
processing 1s easier when, for example, press-forming 1s
used to press the electrode plate from both the first face side
and the second face side thereof.

The frame body may include a first frame body member
that 1s disposed on the first face of the electrode plate and
joined to the first face, and a second frame body member that
1s disposed on the second face of the electrode plate and
jo1ined to the second face. The stepped portions may each be
formed between the electrode plate and either one of the first
frame body member and the second frame body member of
the corresponding frame body. In this case, because the
clectrode plate 1s sandwiched between the first frame body
member and the second frame body member, the joiming
process of the first frame body member and the second frame
body member to the electrode plate may be facilitated. The
processing 1s easier when, for example, press-forming 1s
used to press the electrode plate from both the first face side
and the second face side thereof.

According to another aspect of the present invention,
there 1s provided a power storage module that includes a
plurality of bipolar electrodes each including a positive
electrode formed on a first face of the electrode, and a
negative electrode formed on a second face of the electrode
plate, and a plurality of separators with which the bipolar
clectrodes are stacked alternately. The power storage module
includes a cylindrical resin portion that extends in the
stacking direction of the plurality of bipolar electrodes and
accommodates therein the plurality of bipolar electrodes.
The resin portion includes a first seal portion that has a
cylindrical shape and 1s joined to peripheral edge portions of
the electrode plates, and a second seal portion that has a
cylindrical shape and 1s disposed outside the first seal
portion 1n a direction that crosses the stacking direction of
the bipolar electrodes. The separators are disposed such that
the outer peripheral ends of the separators are located at the
same position as the outer peripheral end of the first seal
portion or at a position inside the outer peripheral end of the
separators and outside the inner peripheral end of the first
seal portion.

According to the power storage module, the peripheral
edge portions of the electrode plate may be sealed by the first
seal portion. An outer peripheral surface of the first seal
portion may be sealed by the second seal portion provided
outside the first seal portion. Since the resin portion has a
double sealing structure, any gas or electrolytic solution
present 1n spaces between adjacent electrode plates 1s pre-
vented from moving to the outside of the spaces. The
separators are provided between adjacent electrode plates.
Since the outer peripheral ends of the separators are located
at a same position as the outer peripheral end of the first seal
portion, or a position inside the outer peripheral ends of the
separators and outside the inner peripheral end of the first
seal portion, the separators are always situated 1n a region
inside the mner peripheral end of the first seal portion. In
other words, in the direction that crosses the stacking
direction of the bipolar electrodes, the separators overlap
with the first seal portion. Thus, the separators are always
situated between the adjacent electrode plates. With thas
configuration, there 1s no region where the adjacent elec-
trode plates directly face each other, so that short circuit
between the electrode plates 1s prevented.
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The first seal portion may include a plurality of frame
bodies that 1s stacked 1n the stacking direction of the bipolar
clectrodes. Each of the frame bodies may be joined to the
peripheral edge portion of the corresponding electrode plate.
The separators may each have the peripheral edge portion
that includes the outer peripheral end of each of the sepa-
rators and 1s located outside the inner peripheral end of the
first seal portion. At least a part of the peripheral edge
portion of each of the separators may be located between the
corresponding frame body and the peripheral edge portion of
the corresponding electrode plate, and may be contacted
with the peripheral edge portion of the electrode plate. In
this case, since the separator 1s located between the frame
body and the electrode plate and contacted with the elec-
trode plate also 1n the region where the first seal portion 1s
provided, short circuit between the electrode plates are
reliably prevented.

At least a part of the peripheral edge portion of each of the
separators may be joined to at least either one of the
corresponding frame body and the peripheral edge portion of
the corresponding electrode plate. In this case, the separator
1s held firmly by the primary seal portion.

The second seal portion may be joined to an outer
peripheral surface of the first seal portion. Even in the case
where a path through which gas etc. can pass 1s formed in
the first seal portion, a further sealing 1s provided by the
second seal portion, so that the air tightness and the liquid
tightness are enhanced.

Advantageous Effects of Invention

According to the aspects of the present invention, short
circuit between the adjacent electrode plates can be pre-
vented.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic cross-sectional view of a power
storage device that includes a power storage module accord-
ing to an embodiment of the present invention.

FIG. 2 1s a schematic cross-sectional view of a power
storage module that constitutes the power storage device of
FIG. 1.

FIG. 3A 1s a cross-sectional view showing a structure
around a resin portion according to a first embodiment of the
present ivention; and FIG. 3B 1s a cross-sectional view
showing a state before bipolar batteries are stacked accord-
ing to the first embodiment.

FIG. 4 1s a cross-sectional view taken along line IV-1V of
FIG. 2 and corresponding to the first embodiment 1llustrated
in FIG. 3A.

FIG. 5A 1s a cross-sectional view showing a structure
around a resin portion according to a second embodiment of
the present invention; and FIG. 5B 1s a cross-sectional view
showing a state before bipolar batteries are stacked accord-
ing to the second embodiment.

FIG. 6A 1s a cross-sectional view showing a structure
around a resin portion according to a third embodiment of
the present invention; and FIG. 6B 1s a cross-sectional view
showing a state before bipolar batteries are stacked accord-
ing to the third embodiment.

FIG. 7 1s a cross-sectional view showing a structure
around a resin portion according to a reference embodiment
of the present invention,

FIG. 8 1s a schematic cross-sectional view of a power
storage module according to another embodiment of the
present invention.
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FIG. 9A 1s a cross-sectional view showing a structure
around a resin portion according to a fourth embodiment of

the present mvention; and FIG. 9B 1s a cross-sectional view
showing a state before bipolar batteries are stacked accord-
ing to the fourth embodiment.

FIG. 10A 1s a cross-sectional view showing a structure
around a resin portion according to a fifth embodiment of the
present invention; and FIG. 10B 1s a cross-sectional view
showing a state before bipolar batteries are stacked accord-
ing to the fifth embodiment.

FIG. 11A 1s a cross-sectional view showing a structure
around a resin portion according to a sixth embodiment of
the present invention; and FIG. 11B 1s a cross-sectional view
showing a state before bipolar batteries are stacked accord-
ing to the sixth embodiment.

DESCRIPTION OF EMBODIMENTS

The following will describe embodiments of the present
invention with reference to the drawings. It 1s to be noted
that the same reference numerals are allocated to the same
clements, and their description will not be repeated. In each
of the drawings, an XYZ orthogonal coordinate system 1s
indicated.

A power storage device according to an embodiment will
now be described with reference to FIG. 1. A power storage
device 10 illustrated 1n FIG. 1 1s used as a battery for
vehicles, such as forklift trucks, hybrid vehicles, and electric
vehicles. Although the power storage device 10 includes a
plurality of power storage modules 12 (three power storage
modules 12 in the present embodiment), the power storage
device 10 may include only a single power storage module
12. The power storage modules 12 are bipolar batteries. The
power storage modules 12 are secondary batteries, such as
nickel-metal hydride secondary batteries, or lithium ion
secondary batteries. However, electric double layered
capacitors may be used as the power storage modules 12. In
the following description, nickel-metal hydride batteries are
exemplified.

The plurality of power storage modules 12 may be
stacked with conductor plates 14, such as metal plates,
interposed between the power storage modules 12. The
power storage modules 12 and the conductor plates 14 each
have a rectangular shape, for example, as viewed 1n a
direction 1n which the power storage modules 12 and the
conductor plates 14 are stacked. Details of the power storage
modules 12 will be described later. The power storage
modules 12 and the conductor plates 14 are stacked such that
the conductor plates 14 are disposed outside opposite ends
of the power storage modules 12 in the stacking direction of
the power storage modules 12 (in the Z direction). The
conductor plates 14 are electrically connected to the adjacent
power storage modules 12. With this configuration, the
plurality of power storage modules 12 1s stacked serially 1n
the stacking direction. The conductor plate 14 that 1s located
at one end 1n the stacking direction 1s connected with a
positive electrode terminal 24, and the conductor plate 14
that 1s located at the other end 1n the stacking direction 1s
connected with a negative electrode terminal 26. The posi-
tive electrode terminal 24 and the conductor plate 14 that 1s
connected with the positive electrode terminal 24 may be
integrated. The negative electrode terminal 26 and the
conductor plate 14 that 1s connected with the negative
clectrode terminal 26 may be integrated. The positive elec-
trode terminal 24 and the negative electrode terminal 26
extend 1n a direction that crosses the stacking direction (1n
the X direction). The power storage device 10 1s charged and
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discharged with the positive electrode terminal 24 and the
negative electrode terminal 26.

The conductor plates 14 may function as heat dissipation
plates that release heat generated in the power storage
modules 12. A plurality of void portions 14a 1s provided
within each of the conductor plates 14. Refrigerant, such as
air, passes through the void portions 14a, so that heat from
ne power storage modules 12 can be released efliciently to
ne outside. Each void portion 14a extends, for example, 1n
ne direction that crosses the stacking direction (in the Y
irection). Although the conductor plates 14 are smaller than
ne power storage modules 12 as viewed in the stacking
1rection, the conductor plates 14 may have the same size as
ne power storage modules 12 or otherwise may have a size
nat 1s larger than the power storage modules 12.

The power storage device 10 includes a binding member
16 for binding the power storage modules 12 and the
conductor plates 14 that are alternately stacked in the
stacking direction. The binding member 16 includes a pair of
binding plates 16 A and 16B, and connecting members (bolts
18 and nuts 20) for connecting the binding plates 16 A and
16B together. An mnsulation film 22, such as a resin film, 1s
disposed between the binding plate 16 A and the conductor
plate 14 and between the binding plate 168 and the con-
ductor plate 14. Each of the binding plates 16 A and 16B are
formed of a metal, such as iron. The binding plates 16 A and
168 and the insulation films 22 have a rectangular shape, for
example, as viewed 1n the stacking direction. The insulation
films 22 are formed to be larger than the conductor plates 14,
and the binding plates 16 A and 16B are formed to be larger
than the power storage modules 12. Insertion holes 16A1
through which the shaft portions of the bolts 18 are passed
are Tormed at positions 1n the edge portion of the binding
plate 16 A that are outside the power storage modules 12 as
viewed 1n the stacking direction. Similarly, 1nsertion holes
16B1 through which the shait portions of the bolts 18 are
passed are formed at positions in the edge portion of the
binding plate 16B that are outside the power storage mod-
ules 12 as viewed 1n the stacking direction. In the case where
the binding plates 16 A and 16B have a rectangular shape as
viewed 1n the stacking direction, then the insertion holes
16A1 and the insertion holes 16B1 are located at the corners
of the binding plates 16 A and 16B.

The binding plate 16A at one end 1s contacted to the
conductor plate 14 that i1s connected with the negative
electrode terminal 26 via the insulation film 22, and the
binding plate 16B at the other end 1s contacted to the

conductor plate 14 that 1s connected with the positive
clectrode terminal 24 via the insulation film 22. The bolts 18
are mserted mnto the 1nsertion holes 16 A1 and 16B1 from the
binding plate 16 A side at the one end toward the binding
plate 16B at the other end, for example. A nut 20 1s tightened
on the leading end of each bolt 18 extending out from the
binding plate 16B at the other end. Thus, the insulation films
22, the conductor plates 14, and the power storage modules
12 are sandwiched to form a single unit, and at the same time
a binding load 1s applied 1n the stacking direction.

The power storage modules that constitute the power
storage device will now be described with reference to FIG.
2. The power storage module 12 illustrated in FIG. 2
includes a stack body 30 that 1s formed by stacking a
plurality of bipolar electrodes 32. The stack body 30 has a
rectangular shape, for example, as viewed 1n the stacking
direction of the bipolar electrodes 32. Separators 40 may be
disposed between adjacent bipolar electrodes 32.

Each bipolar electrode 32 includes an electrode plate 34,
a positive electrode 36 disposed on a first face 34c¢ of the

t
t
t
C
t
C
t
t




US 10,756,379 B2

7

clectrode plate 34, and a negative electrode 38 disposed on
a second face 34d of the electrode plate 34. In the stack body
30, the positive electrode 36 of a first bipolar electrode 32
faces the negative electrode 38 of one of the bipolar elec-
trodes 32 that are adjacent in the stacking direction through
the separator 40, and the negative electrode 38 of the first
bipolar electrode 32 faces the positive electrode 36 of the
other of the adjacent bipolar electrodes 32 in the stacking
direction through the separator 40.

The electrode plate 34 that 1s disposed at one end of the
stack body 30 in the stacking direction has the negative
clectrode 38 on an 1nner face of the electrode plate 34 (the
lower face of the electrode plate 34 1n the drawing). The
clectrode plate 34 corresponds to the terminal electrode on
the negative electrode side. The electrode plate 34 that 1s
disposed at the other end of the stack body 30 1n the stacking
direction has the positive electrode 36 on an inner face of the
clectrode plate 34 (the upper face of the electrode plate 34
in the drawing). The electrode plate 34 corresponds to the
terminal electrode on the positive electrode side. The nega-
tive electrode 38 of the terminal electrode on the negative
clectrode side faces the positive electrode 36 of the bipolar
clectrode 32 located as the top layer of the stack body 30
through the separator 40. The positive electrode 36 of the
terminal electrode on the positive electrode side faces the
negative electrode 38 of the bipolar electrode 32 that 1s
located as the bottom layer of the stack body 30 through the
separator 40. Each of the electrode plates 34 as the terminal
clectrodes 1s connected with the adjacent conductor plate 14
(see FIG. 1).

The power storage module 12 extends 1n the stacking
direction of the bipolar electrodes 32, and includes a cylin-
drical resin portion 50 1n which the stack body 30 is
accommodated. The resin portion 50 holds the peripheral
edge portion 34a of each of the electrode plates 34. The resin
portion 50 1s configured to surround the stack body 30. The
resin portion 50 has a rectangular shape, for example, as
viewed 1n the stacking direction of the bipolar electrodes 32.
In other words, the resin portion 50 has a square cylindrical
shape, for example.

The resin portion 50 1s jomned to the peripheral edge
portions 34a of the electrode plates 34, and includes a first
seal portion 52 that holds the peripheral edge portions 34a,
and a second seal portion 54 that 1s disposed outside the first
seal portion 52 1 a direction that crosses the stacking
direction (1n the X direction and the Y direction).

The first seal portion 52 that forms an mner wall of the
resin portion 50 1s disposed so that the first seal portion 52
surrounds the entire periphery of the peripheral edge por-
tions 34a of the electrode plates 34 1n the plurality of bipolar
clectrodes 32 (i.e., the stack body 30). The first seal portion
52 1s welded, for example, to the peripheral edge portions
34a of the electrode plates 34, so that the first seal portion
52 seals the peripheral edge portions 34a. In other words, the
first seal portion 52 1s joined to the peripheral edge portions
34a of the electrode plates 34. In each bipolar electrode 32,
the peripheral edge portion 34a of the electrode plate 34 1s
embedded 1n and held by the first seal portion 52. The
peripheral edge portions 34a of the electrode plates 34 that
are located at the opposite ends of the stack body 30 are also
embedded 1n and held by the first seal portion 52. With this
confliguration, an airtight internal space 1s formed between
two adjacent electrode plates 34 and 34 that are adjacent to
cach other in the stacking direction. The internal space is
defined by the two electrode plates 34, 34 and the first seal
portion 52. The internal space 1s filled with an electrolytic
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solution (not shown) made of alkaline solution, such as
potassium hydroxide solution.

The second seal portion 54 constituting an outer wall of
the resin portion 50 covers an outer peripheral surface 52a
of the first seal portion 52 that extends in the stacking
direction of the bipolar electrodes 32. An inner peripheral
surface 34a of the second seal portion 54 1s, for example,
welded onto the outer peripheral surface 52a of the first seal
portion 52 to seal the outer peripheral surface 52a. Specifi-
cally, the second seal portion 34 1s joined to the outer
peripheral surface 52a of the first seal portion 52. The weld
face (the joining face) of the second seal portion 54 to be
welded to the first seal portion 52 forms, for example, four
rectangular planes.

The electrode plates 34 are rectangular metallic foils that
are made of nickel or the like. In each electrode plate 34, the
peripheral edge portion 34a 1s provided as an uncoated area
where positive active material and negative active material
are not applied. That 1s, 1n the uncoated area, the electrode
plate 34 1s exposed. The uncoated area 1s embedded 1n and
held by the first seal portion 52 that constitutes the inner wall
of the resin portion 50. Examples of the positive active
material constituting the positive electrode 36 include nickel
hydroxide. Examples of the negative active material consti-
tuting the negative electrode 38 include hydrogen absorbing
alloy. In each electrode plate 34, an area 1n the second face
344 where the negative electrode 38 1s formed may be
slightly greater than an area in the first face 34¢ where the
positive electrode 36 1s formed.

The separators 40 are formed 1n sheets, for example. Each
separator 40 has a rectangular shape, for example. Examples
of the materials that constitute the separators 40 include a
porous f1lm made of polyolefin resin, such as polyethylene
(PE), polypropylene (PP): and a woven fabric or a non-
woven fabric made of polypropylene or the like. The sepa-
rators 40 may also be remforced by, for example, a
vinylidene fluoride resin compound or the like. It 1s to be
noted that the type of the separators 40 1s not limited to the
sheets, and may be the envelope type.

The resin portion 50 (the first seal portion 52 and the
second seal portion 54) that 1s made of insulating resin, for
example, and formed 1nto a rectangular cylindrical shape by
injection molding. Examples of resin materials forming the

resin portion 50 include polypropylene (PP), polyphenylene
sulfide (PPS), and modified polyphenylene ether (modified

PPE).

The structures of the resin portion 30, the bipolar elec-
trodes 32, and the separators 40 according to the first
embodiment will now be described with reference to FIGS.
3A, 3B, and 4. As illustrated in FIGS. 3A and 4, the
peripheral edge portion 40a of each of the separators 40
overlaps with the area where the first seal portion 52 1is
provided, as viewed 1n the stacking direction. Specifically,
when the separator 40 and the first seal portion 32 are
projected in the stacking direction onto a plane (the X-Y
plane) that 1s perpendicular to the stacking direction, the
projected 1mages are superimposed (the 1mages overlap with
cach other). The separator 40 extends to the area where the
first seal portion 52 1s provided. The outer peripheral end
40d of the separator 40 1s located between the outer periph-
ceral end 524 of the first seal portion 52 and the inner
peripheral end 52¢ of the first seal portion 52. It 1s to be
noted that in FIG. 4, the illustration of the separator 40 1s
partially broken for the ease of understanding the configu-
ration of the first seal portion 52.

One separator 40 1s disposed between two adjacent elec-
trode plates 34 also in the region around the first seal
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portions 52 of the adjacent electrode plates 34, so that the
uncoated areas of the adjacent electrode plates 34 do not
directly face each other. One separator 40 1s always present
between the uncoated area of one of the two adjacent
clectrode plates 34 and the uncoated area of the other of the
two adjacent electrode plates 34. The separators 40 are
disposed so as to overlap with the first seal portion 52, so
that the two adjacent clectrode plates 34 (especially the
uncoated areas) do not contact each other and therefore
occurrence of a short circuit 1s prevented. The whole periph-
ery of the outer peripheral end 40d of the separator 40 may
be located between the outer peripheral end 524 of the first
seal portion 52 and the inner peripheral end 52¢ of the first
seal portion 352. In a part of each separator 40 in the
peripheral direction thereof, the outer peripheral end 40d
may be located between the outer peripheral end 524 of the
first seal portion 52 and the iner peripheral end 52¢ of the
first seal portion 352. In the peripheral direction of each
separator 40, as the area of each separator 40 overlapping
with the first seal portion 52 1s greater, prevention of short
circuit may be more reliable.

The above-described configuration 1s described further in
detail with reference to FIGS. 3A and 3B. The first seal
portion 52 1s configured by stacking a plurality of frame
bodies 60 in the stacking direction. Each frame body 60 has
a thickness 1n the stacking direction that 1s greater than that
of each separator 40. More specifically, each frame body 60
has a thickness in the stacking direction that 1s greater than
a sum ol the thickness of one electrode plate 34 and the
thickness of one separator 40. Fach frame body 60 1s
contacted with the peripheral edge portion 34a of the
clectrode plate 34 and with its adjacent frame bodies 60 that
are adjacent in the stacking direction. One frame body 60
and the other frame body 60 contacting with each other
define the height of an internal space formed between two
adjacent electrode plates 34 and 34 that are adjacent 1n the
stacking direction. In other words, the frame bodies 60
define the height of a cell of the power storage module 12.

It 1s to be noted that the “thickness™ of the separator 40
herein refers to the thickness of a separator 40 1n a power
storage module 12. The thickness of a separator 40 1 a
power storage module 12 may be smaller than the thickness
of the separator 40 before the power storage module 12 1s
assembled. Specifically, the separator 40 1s sandwiched
between the positive electrode 36 and the negative electrode
38 and thus may be compressed. The “thickness™ of the
separator 40 herein refers to the thickness of the compressed
separator 40.

Each frame body 60 includes an inner peripheral portion
61 that 1s formed on the first face 34¢ side of the electrode
plate 34 and 1s contacted to the first face 34¢, and an outer
peripheral portion 62 that 1s formed continuously from the
outer side of the inner peripheral portion 61. The inner
peripheral portion 61 and the outer peripheral portion 62 are
cach formed conforming to the shape of the electrode plate
34, and have a rectangular shape, for example. The 1nner
peripheral portion 61 1s welded, for example, to the first face
34c¢ of the electrode plate 34. Specifically, the mner periph-
eral portion 61 1s joined to the first face 34¢ of the electrode
plate 34, The mnner peripheral end 61¢ of the inner peripheral
portion 61 (see FIG. 3B) corresponds to the inner peripheral
end 52¢ of the first seal portion 52. The thickness of the outer
peripheral portion 62 1s greater than the thickness of the
inner peripheral portion 61, and corresponds to the thickness
of the frame body 60. The outer peripheral surface 624 of the
outer peripheral portion 62 corresponds to the outer periph-
eral end 52d of the first seal portion 52 (i.e., the outer
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peripheral surface 52a). In the stacking direction, the first
end face 62a of the outer peripheral portion 62 1s contacted
with the second end face 625 of 1ts adjacent outer peripheral
portion 62.

The mner peripheral portion 61 and the outer peripheral
portion 62 of each frame body 60 that have diflerent
thicknesses 1n the stacking direction cooperate to form a
stepped portion 68 which has a shape of rectangular ring and
connects the inner peripheral portion 61 and the outer
peripheral portion 62. The height of the stepped portion 68
in the stacking direction 1s greater than the thickness of the
separator 40. A peripheral edge portion 40a that includes the
outer peripheral end 40d of the separator 40 1s disposed 1n
the stepped portion 68. Specifically, the stepped portion 68
formed with the frame body 60 faces inward of the frame
body 60 to provide a space for disposing the outer peripheral
end 404 of the separator 40 1n the first seal portion 52. For
example, the peripheral edge portion 40a of the separator 40
1s contacted with the surface 6la of the inner peripheral
portion 61 (see FIG. 3B; the face of the mner peripheral
portion 61 opposite from the face that 1s joined to the first
tace 34¢). The separator 40 1s set within the height of the
frame body 60. A small clearance may be formed between
the peripheral edge portion 40a and the electrode plate 34
that 1s adjacent to the separator 40 at a distance correspond-
ing to the thickness of the negative electrode 38.

As described above, 1n each power storage module 12, the
separator 40 may be compressed 1n the stacking direction at
the area thereol where the positive electrode 36 and the
negative electrode 38 are provided. Meanwhile, the area of
the separator 40 that faces the uncoated area and the area of
the separator 40 that 1s disposed 1nside the first seal portion
52 do not recerve the pressing force 1n the stacking direction.
Theretfore, such areas of the separator 40 are not compressed
in the stacking direction. In other words, the area of the
separator 40 facing the uncoated area and the area of the
separator 40 located within the first seal portion 52 have a
play 1n the stacking direction (the separator 40 can move
freely). With this configuration, the compression of the
separator 40 may be minimized and the compression reac-
tion force of the separator 40 may be minimized. As a result,
the binding force of the binding member 16 may be reduced.
Furthermore, the void portion of the separator 40 1s not
collapsed unintentionally, so that the internal space may be
increased. As a result, an increase of the internal pressure
may be prevented.

It 1s to be noted that the magnitude relationship between
the size of the separators 40 and the size of the electrode
plates 34 may be any magnitude relationship as long as the
peripheral edge portions 40a of the separators 40 are located
within the width of the first seal portion 52 in the direction
that crosses the stacking direction (the X-direction and the
Y-direction). The separators 40 may be larger than the
clectrode plates 34 and also may be smaller than the elec-
trode plates 34 as viewed in the stacking direction. The
separators 40 may have a size that 1s substantially equal to
the size of the electrode plates 34 as viewed 1n the stacking
direction.

A method of manufacturing the power storage modules 12
will next be described. First, the positive electrode 36 1s
formed on the first face 34¢ of each electrode plate 34, and
the negative electrode 38 i1s formed on the second face 344
of the electrode plate 34 to obtain one bipolar electrode 32.
Next, the frame body 60 1s joined to the peripheral edge
portion 34a of the electrode plate 34 of the bipolar electrode
32. For the joiming, the frame body 60 may be welded to the
peripheral edge portion 34a by hot pressing the upper and
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lower faces of the bipolar electrode 32. Subsequently, a
plurality of bipolar electrodes 32 each joined with the frame
body 60 1s stacked with the separators 40 interposed ther-
cbetween to obtain one stack body 30 (see FIG. 3B).

It 1s to be noted that when the frame body 60 1s welded to
the peripheral edge portion 34a by hot pressing, the frame
body 60 may be formed using a hot pressing die. For
example, the surface 61qa, the first end face 62a, and the
stepped portion 68 of the frame body 60 may be formed
using a hot pressing die. The hot pressing die may be made
of resin, for example. The hot pressing die may be made of
fluororesin containing PTFE (polytetrafluoroethylene), and
PFA (tetrafluoroethylene-perfluoroalkyl vinyl ether copoly-
mer). In this case, entry of foreign matters into the frame
body 60 may be prevented.

Next, the second seal portion 54 1s formed, for example,
by 1njection molding (see FIG. 3A). For example, a resin
material of the second seal portion 54 having flmdity 1s
poured into a mold to form the second seal portion 34.

In the present embodiment, the first seal portion 52 as a
part of the resin portion 50 1s formed prior to the stacking
process, and the second seal portion 354 that 1s the remainder
part of the resin portion 350 1s formed after the stacking
process. However, the first seal portion 52 as a part of the
resin portion 50 may be formed after the stacking process.

Subsequently, an electrolytic solution 1s mjected 1nto the
resin portion 50 through an injection port or the like. The
injection port 1s sealed after the injection of the electrolytic
solution, so that the power storage module 12 1s manufac-
tured. Then, the plurality of power storage modules 12 1s
stacked alternately with the conductor plates 14, as 1llus-
trated 1n FIG. 1. The conductor plates 14 that are located at
the opposite ends 1n the stacking direction are connected
with the positive electrode terminal 24 and the negative
clectrode terminal 26, respectively, beforechand. Subse-
quently, the pair of binding plates 16 A and 16B 1s located at
the opposite ends 1n the stacking direction via the insulation
films 22, and then the binding plates 16A and 16B are
connected together with the bolts 18 and the nuts 20. In this
way, the power storage device 10 illustrated 1n FIG. 1 1s
manufactured.

In the power storage modules 12 according to the above
first embodiment, the peripheral edge portions 34a of the
clectrode plates 34 may be sealed by the first seal portion 52.
The outer peripheral surface 52a of the first seal portion 52
may be sealed by the second seal portion 34 provided
outside the first seal portion 52. Since the resin portion 50
has a double sealing structure, any gas and electrolytic
solution present 1n spaces between adjacent electrode plates
34 cannot move to the outside of the spaces. The separators
40 are provided between adjacent electrode plates 34. Since
the outer peripheral ends 404 of the separators 40 are located
between the outer peripheral end 524 of the first seal portion
52 and the inner peripheral end 52¢ of the first seal portion
52, the separators 40 are situated 1n a region that i1s located
inside the mner peripheral end 52¢ the first seal portion 52.
In other words, 1n the direction that crosses the stacking
direction, the separators 40 overlap with the first seal portion
52. Therefore, the separators 40 are situated between adja-
cent electrode plates 34. With this configuration, there 1s no
region where the electrode plates 34 directly face their
adjacent electrode plates 34, so that short circuit between the
clectrode plates 34 1s prevented even when any of the
clectrode plates 34 1s deformed. Deformation of the elec-
trode plates 34 may occur during the formation of the first
seal portion 52 or when an 1nternal pressure changes during
the use of the power storage device 10. In any case, with the
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positional relationship between the separator 40 and the first
seal portion 52, short circuit between the electrode plates 34
may be prevented.

In a power storage module 112 according to a reference
embodiment illustrated 1n FIG. 7, a clearance G may be
present between the separators 40 and the resin portion 150
in the direction that crosses the stacking direction. Specifi-
cally, the clearance G may be present between the first seal
portion 152 of the resin portion 150 that includes the first
seal portion 152 and the second seal portion 154 and the
outer peripheral ends 404 of the separators 40. There has
been a fear that when any of the electrode plates 34 1s
deformed for some reason, a short circuit may occur
between adjacent electrode plates 34 through the clearance
G. In contrast to this, the power storage module 12 according
to the present embodiment reliably prevents short circuit
between the electrode plates 34.

Since the separators 40 are disposed in the stepped
portions 68 of the frame bodies 60 constituting the resin
portion 50, the above-described configuration in which the
separators 40 overlap with the first seal portion 52 may be
achieved easily. Furthermore, the influence of the separator
40 on the thickness of the frame body 60 in the stacking
direction has been reduced.

In the case of the frame bodies 60 that are provided at only
one side of the electrode plates 34, the frame bodies 60 are
jomed only to the first faces 34¢ of the electrode plates 34.
Therefore, the cost for joining the frame bodies 60 to the
clectrode plates 34 (e.g., the cost for surface treatment on the
clectrode plates 34) may be reduced. Furthermore, since the
outer peripheral portion 62 of each frame body 60 has a
thickness 1n the stacking direction (i.e., the height), 1t 1s easy
to Torm the stepped portion 68 in which the separator 40 1s
disposed.

The structures of the resin portion 30A, the bipolar
clectrodes 32, and the separators 40 according to a second
embodiment will now be described with reference to FIGS.
5A and SB. Power storage modules 12A according to the
second embodiment are different from the power storage
modules 12 according to the first embodiment 1n that each
power storage module 12A includes frame bodies 60A
instead of the frame bodies 60, and each frame body 60A
includes a first frame body member 63 disposed on the first
face 34c¢ side of the electrode plate 34, and a second frame
body member 64 disposed on the second face 344 side of the
clectrode plate 34. A first seal portion 52A has a structure 1n
which a plurality of the frame bodies 60A 1s stacked in the
stacking direction. The first frame body member 63 1s
welded (joined) to the first face 34¢ of the electrode plate 34.
The second frame body member 64 1s welded (joined) to the
second face 34d of the electrode plate 34. The first frame
body member 63 and the second frame body member 64
cach have a portion that extends outward of the peripheral
edge portion 34a of the electrode plate 34, and the extending
portions are welded to each other. In the stacking direction,
the first end face 63a of the first frame body member 63 1s
contacted with the second end face 645 of the second frame
body member 64 of its adjacent frame body 60A. The frame
bodies 60A define the height of each internal space formed
between the electrode plates 34, 34 that are adjacent in the
stacking direction.

The first frame body members 63 have substantially the
same configuration as that of the frame bodies 60 of the first
embodiment. Each first frame body member 63 has a
stepped portion 68A. The peripheral edge portion 40a of
cach separator 40 including the outer peripheral end 404
thereof 1s disposed 1n the stepped portion 68A. Specifically,
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cach stepped portion 68A formed on the first frame body
member 63 faces mmward of the frame body 60A to provide
a space that permits the disposition of the outer peripheral
end 404 of the separator 40 inside the first seal portion 52A.
The outer peripheral ends 404 of the separators 40 are
located between the outer peripheral end 524 and the 1mner
peripheral end 52¢ of the first seal portion 32A. The periph-
eral edge portion 40a of each separator 40, for example, 1s
contacted with a surface 63¢ of the first frame body member
63. Each separator 40 1s set within the height of the frame
body 60A. A small clearance may be formed between the
peripheral edge portion 40q and the adjacent second frame
body member 64 that 1s adjacent to the separator 40.

As 1s the case of the power storage modules 12, the power
storage modules 12A prevent short circuit between the
clectrode plates 34. In addition, each electrode plate 34 is
sandwiched between the first frame body member 63 and the
second frame body member 64, so that the joining process
of the first frame body member 63 and the second frame
body member 64 to the electrode plate 34 may be performed
casily. The joining processing 1s easier, for example, 1f
press-forming 1s used and the first frame body member 63
and the second frame body member 64 are pressed from both
the first face 34¢ side and the second face 34d side of the
clectrode plate 34.

The structures of a resin portion 50B, the bipolar elec-
trodes 32, and the separators 40 according to a third embodi-
ment of the present invention will now be described with
reference to FIGS. 6A and 6B. Power storage modules 12B
according to the third embodiment are different from the
power storage modules 12 according to the first embodiment
in that each power storage module 12B includes frame
bodies 60B 1nstead of the frame body 60, and each frame
body 60B includes a first frame body member 65 disposed
on the first face 34c¢ side of the electrode plate 34 and a
second frame body member 66 that 1s disposed on the
second face 34d side of the electrode plate 34. A first seal
portion 52B 1s configured by stacking a plurality of frame
bodies 60B 1n the stacking direction. The first frame body
member 65 1s welded (joined) to the first face 34¢ of the
clectrode plate 34. The second frame body member 66 is
welded (joined) to the second face 344 of the electrode plate
34. The first frame body member 65 and the second frame
body member 66 cach have a portion that extends outward
of the peripheral edge portion 34a of the electrode plate 34,
and the extending portions are welded to each other. In the
stacking direction, a first end face 634 of the first frame body
member 635 1s contacted with the second end face 665 of the
second frame body member 66 of its adjacent frame body
60B. The frame bodies 60B define the height of each internal
space formed between the electrode plates 34, 34 that are
adjacent 1n the stacking direction.

Each frame body 60B has a stepped portion 68B formed
between the first frame body member 65 and the electrode
plate 34. Specifically, the stepped portion 68B 1s an inner
peripheral end of the first frame body member 65 and
connects the first end face 65a and the first face 34¢ of the
clectrode plate 34. The first frame body member 65 and the
second frame body member 66 may have different sizes in
the direction that crosses the stacking direction (the X-di-
rection and the Y-direction). The second frame body mem-
ber 66 may be larger than the first frame body member 65.
Specifically, an inner peripheral end of the second frame
body member 66 may be located mside the mner peripheral
end of the first frame body member 63 (i.e., the stepped
portion 68B). The peripheral edge portion 40a of each
separator 40 including the outer peripheral end 40d thereof
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1s disposed 1n the stepped portion 68B. Specifically, each
stepped portion 68B that 1s formed 1n the frame body 60B
faces inward of the frame body 60B to provide a space that
permits the disposition of the outer peripheral end 404 of the
separator 40 1nside the first seal portion 52B. The outer
peripheral ends 40d of the separators 40 are located between
the outer peripheral end 524 and the 1nner peripheral end 52¢
of the first seal portion 52B. Each separator 40 1s set within
the height of the frame body 60B. Small clearances may be
formed between the peripheral edge portion 40a and the
clectrode plate 34 that 1s adjacent to the separator 40 and the
second frame body member 66.

As 1s the case of the power storage modules 12, the power
storage modules 123 prevent short circuit between the
clectrode plates 34. In addition, each electrode plate 34 is
sandwiched between the first frame body member 65 and the
second frame body member 66, so that the joining process
of the first frame body member 65 and the second frame
body member 66 to the electrode plate 34 may be performed
casily. The joining processing 1s easier, for example, 1f
press-forming 1s used and the first frame body member 635
and the second frame body member 66 are pressed from both
the first face 34c¢ side and the second face 34d side of the
clectrode plate 34. Furthermore, the resin portion 50B (the
first seal portion 52B) may be provided with a core member.

The structures of a resin portion 50C, the bipolar elec-
trodes 32, and the separators 40 according to a fourth
embodiment of the present invention will now be described
with reference to FIGS. 8, 9A, and 9B. Power storage
modules 12C according to the fourth embodiment each
include a first seal portion 52C that 1s configured by stacking
a plurality of frame bodies 70 1n the stacking direction. The
power storage modules 12C according to the fourth embodi-
ment are diflerent from the power storage modules 12, 12A,
and 12B according to the first to third embodiment 1n that
cach frame body 70 does not have a stepped portion that
permits the disposition the outer peripheral end 404 of the
separator 40.

As 1llustrated 1n FIG. 9B, each frame body 70 1s disposed
only on the first face 34¢ side of each electrode plate 34, for
example. The positive electrode 36 1s disposed on the first
face 34c¢ of each electrode plate 34. The first faces 34¢ of the
clectrode plates 34 may be surface treated so as to enhance
the joining property of the positive electrodes 36 to the
clectrode plates 34. The frame bodies 70 are joined easily to
the first faces 34¢ with a surface treatment. The peripheral
edge portion 40a of each separator 40 1s disposed on a {first
end face 70a of the frame body 70. More specifically, a part
of the peripheral edge portion 40a of the separator 40 on a
second face 40f side 1s contacted with the first end face 70a
of the frame body 70. Since each frame body 70 1s formed
so that the first end face 70a extends 1n the stacking direction
beyond the positive electrode 36 of the bipolar electrode 32,
the separator 40 has a bent shape. As illustrated 1n FIG. 9A,
cach separator 40 includes a flat electrode contacting portion
406 that 1s contacted with the bipolar electrode 32, and two
bending portions 40¢ formed between the peripheral edge
portion 40a and the electrode contacting portion 405. The
separator 40 1s contacted with the positive electrode 36 at the
second face 40f of the electrode contacting portion 4056. The
part of the separator 40 between the two bending portions
40c 1s inclined relative to a plane that 1s perpendicular to the
stacking direction (the X-Y plane).

As 1illustrated 1n FIGS. 9A and 9B, the outer peripheral
ends 40d of the separators 40 may be flush with the outer
peripheral surfaces 704 of the frame bodies 70. The inner
peripheral surtaces 70c¢ of the frame bodies 70 correspond to
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the 1nner peripheral ends 52c¢ of the first seal portions 52C.
The outer peripheral surfaces 704 of the frame bodies 70
correspond to the outer peripheral ends 524 (1.e., the outer
peripheral surface 52a) of the first seal portion 52C. The
outer peripheral ends 404 of the separators 40 are located at
the same position as the outer peripheral end 52d of the first
seal portion 52C, or at a position 1nside the outer peripheral
end 52d and outside the 1nner peripheral end 52¢ of the first
seal portion 52C.

In the method of manufacturing the power storage mod-
ules 12C, for example, one bipolar electrode 32, one frame
body 70, and one separator 40 may be integrated as an
assembly, as 1llustrated 1n FIG. 9B. The structures (assem-
blies) each including the bipolar electrode 32, the frame
body 70, and the separator 40 may be stacked 1n the stacking
direction. Each outer peripheral surtace 704 1s welded to the
peripheral edge portion 34a by hot pressing from the upper
and lower faces of the bipolar electrode 32. The hot pressing
may be carried out with the separator 40 set. In such case,
a part of the peripheral edge portion 40a of the separator 40
on the second face 40f side 1s welded (joined) to the first end
tace 70a of the frame body 70. The entire peripheral edge
portion 40a may be welded to the frame body 70, or only a
part of the peripheral edge portion 40a may be welded to the
frame body 70.

It 1s preferable that the separators 40 be joined to either
one of the frame bodies 70 and the peripheral edge portions
34a of the electrode plates 34. The separators 40 may also
be joined to both of the frame bodies 70 and the peripheral
edge portions 34a of the electrode plates 34. The separators
40 may be attached after the joiming process of the frame
bodies 70 by the hot pressing. The separators 40 may be
joined to at least either the frame bodies 70 or the peripheral
edge portions 34a of the electrode plates 34 by bonding or
the like.

As 1llustrated 1n FIG. 9A, 1n a state where the structures
(assemblies) each including one bipolar electrode 32, one
frame body 70, and one separator 40 are stacked in the
stacking direction, the peripheral edge portion 40a of each
separator 40 1s interposed between the frame body 70, and
the peripheral edge portion 34a of 1its adjacent electrode
plate 34 that 1s adjacent 1n the stacking direction and another
frame body 70. More specifically, a part of the peripheral
edge portion 40a of each separator 40 on the first face 40e¢
side 1s contacted with the part of the peripheral edge portlon
34a of the electrode plate 34 on the second face 344 side,
which electrode plate 34 1s adjacent to the separator 40 1n the
stacking direction, and with the second end face 706 of the
another frame body 70 (see FI1G. 9B). The separator 40 may
be joined to the peripheral edge portion 34a of 1ts adjacent
clectrode plate 34 that 1s adjacent in the stacking direction
and/or another frame body 70.

In this way, the whole separator 40 1s melted, and the
frame body 70 1s attached to the melted separator 40, so that
the separator 40 1s held more reliably by the first seal portion
52C. As a result, short circuit between the electrode plates 34
may be prevented more reliably. That 1s, the separator 40
prevents a self-charging which 1s caused by a contact
between the positive electrode 36 and the negative electrode
38.

According to the power storage modules 12C of the above
fourth embodiment, the peripheral edge portions 34a of the
clectrode plates 34 may be sealed by the first seal portion
52C. The outer peripheral surface 52a of the first seal portion
52C may be sealed by the second seal portion 54 provided
outside the first seal portion 52C. With the double sealing
structure of the resin portion 50C, any gas and electrolytic
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solution present in the spaces between adjacent electrode
plates 34 cannot move to the outside of the spaces. The
separators 40 are disposed between adjacent electrode plates
34. Since the outer peripheral ends 40d of the separators 40
may be located at the same position as the outer peripheral
end 52d of the first seal portion 52C, or at a position 1nside
the outer peripheral end 524 and outside the inner peripheral
end 52¢ of the first seal portion 52C, the separators 40 are
always situated 1n a region that 1s located 1nside the nner
peripheral end 52¢ of the first seal portion 52C. Specifically,
in a direction that crosses the stacking direction, the sepa-
rators 40 overlaps with the first seal portion 52C. Thus, the
separators 40 are always present between adjacent electrode
plates 34. This configuration eliminates any region where
adjacent electrode plates 34 directly face each other, so that
short circuit between the electrode plates 34 may be pre-
vented even when any of the electrode plates 34 1s deformed.

At least a part of the peripheral edge portion of each
separator 40 1s mterposed between the frame body 70 and
the peripheral edge portion 34a of the electrode plate 34 and
contacted with the peripheral edge portion 34a of the
clectrode plate 34. In this case, since the separator 40 is
interposed between the frame body 70 and the electrode
plate 34 and contacted with the electrode plate 34 also 1n the
region 1 which the first seal portion 52C i1s provided, short
circuit between the electrode plates 34 may be further
reliably prevented.

The second seal portion 54 1s joined to the outer periph-
eral surtace 52a of the first seal portion 52C. Even 1n the
case where a path through which gas, etc. can pass 1s formed
in the first seal portion 52C, further sealing 1s made by the
second seal portion 54, so that the air tightness and the liquid
tightness are enhanced.

The structures of the resin portion 30D, the bipolar
clectrodes 32, and the separators 40 according to a fifth
embodiment will now be described with reference to FIGS.
10A and 10B. Power storage modules 12D according to the
fifth embodiment are different from the power storage
modules 12C according to the fourth embodiment 1n that in
cach structure (each assembly) including a bipolar electrode
32, a frame body 70, and a separator 40, the separator 40 1s
attached on the second face 344 side of the electrode plate
34. The first seal portion 52D 1s configured by stacking a
plurality of frame bodies 70 in the stacking direction. A part
of the peripheral edge portion 40a of the separator 40 on the
first face 40¢ side 1s contacted with a part of the peripheral
edge portion 34a of the electrode plate 34 on the second face
344 side and the second end face 706 of the frame body 70.
In the method of manufacturing the power storage modules
12D, the hot pressing may be carried out after with the
separators 40 set. The separators 40 may be attached after
the joiming process of the frame bodies 70 by the hot
pressing. The separators 40 may be joined to the peripheral
edge portions 34a of the electrode plates 34 and/or the frame
bodies 70. The stacked structure of the power storage
module 12D illustrated 1n FIG. 10A 1s similar to the stacked
structure of the power storage module 12C 1illustrated 1n
FIG. 9A. As 1s the case of the power storage modules 12C,
the power storage modules 12D prevent short circuit
between the electrode plates 34.

The structures of a resin portion 50E, the bipolar elec-
trodes 32, and the separators 40 according to a sixth embodi-
ment will now be described with reference to FIGS. 11 A and
11B. Power storage modules 12E according to the sixth
embodiment are different from the power storage modules
12C according to the fourth embodiment in that each power
storage module 12E according to the sixth embodiment
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includes frame bodies 70E instead of the frame bodies 70,
and each frame body 70E includes a first frame body
member 71 disposed on the first face 34c¢ side of the
clectrode plate 34, and a second frame body member 72
disposed on the second face 34d side of the electrode plate
34. The first seal portion 52E 1s configured by stacking a
plurality of frame bodies 70E 1n the stacking direction. A

part of the peripheral edge portion 40a of each separator 40
on the second face 40f side 1s contacted with the first end
tace 71a of the first frame body member 71, a part of the
peripheral edge portion 40a of the separator 40 on the first
tace 40e side 1s contacted with the second end face 726 of
its adjacent second frame body member 72 that 1s adjacent
in the stacking direction. The separator 40 1s entirely flat and
may not have a bending portion. In the method of manu-
facturing the power storage modules 12E, the hot pressing
may be carried out with the separators 40 set. The separators
40 may be attached after the joiming process of the frame
bodies 70 by the hot pressing. Fach separator 40 may be
joined to the first end face 71a of the first frame body
member 71 during the joining process of the frame body 70.
Each separator 40 may be joined to the second frame body
member 72 of 1ts adjacent frame body 70. As 1s the case of
the power storage modules 12C, the power storage modules
12E prevent short circuit between electrode plates 34.

Although the embodiments of the present invention have
been described above, the present invention 1s not limited to
the above embodiments. For example, 1n the first embodi-
ment, the mner peripheral portions 61 may be disposed on
the second faces 34d side of the electrode plates 34 and
contacted with the second faces 344. In the second embodi-
ment, each second frame body member 64 may have a
stepped portion. In the third embodiment, each frame body
60A may have a stepped portion formed between the second
frame body member 66 and the electrode plate 34.

In the above first to third embodiments, the stepped
portions 68, 68A, and 68B may not be provided.

In the above fourth to sixth embodiments, the separators
40 may be joined neither to the frame bodies 70 nor to the
peripheral edge portions 34a of the electrode plates 34. The
separators 40 that are simply sandwiched still can offer the
above-described eflect of preventing short circuit.

In the above fourth to sixth embodiments, the outer
peripheral ends of the electrode plates 34 may be flush with
the outer peripheral surfaces 704 of the frame bodies 70 and
70E. In such case, although the outer peripheral ends of the
clectrode plates 34 are exposed to the outer peripheral
surface 52a of the first seal portion, the second seal portion
54 may be jomed to the outer peripheral ends of the
clectrode plates 34. The outer peripheral ends of the elec-
trode plates 34 may be located at any appropriate position in
the first seal portion. The outer peripheral ends of the
clectrode plates 34 and the outer peripheral ends 404 of the
separators 40 may be located at the same position 1n the
direction perpendicular to the stacking direction (the X-Y
direction). In such case, since the electrode plates 34 and the
separators 40 will have the same size, 1t 1s easy to stack the
clectrode plates 34 and the separators 40.

In each of the structures (assemblies) that includes one
bipolar electrode, one frame body, and one separator, the
separator may be interposed between the electrode plate and
the frame body.

DESCRIPTION OF REFERENCE NUMERALS

12, 12A, 12B, 12C, 12D, 12E Power storage module
32 Bipolar electrode

34 FElectrode plate
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34a Peripheral edge portion
34c first face

344 second face

36 Positive electrode

38 Negative electrode

40 Separator

40d Outer peripheral end

50, S0A, 50B, 50C, 50D, S0E Resin portion
52, 52A, 52B, 52C, 52D, 52F First seal portion
52a Outer peripheral surface

52¢ Inner peripheral end

52d Outer peripheral end

54 Second seal portion

60, 60A, 60B Frame body

61 Inner peripheral portion

62 Outer peripheral portion

63 First frame body member

64 Second frame body member

65 First frame body member

66 Second frame body member
68, 68A, 68B Stepped portion

70, 70E Frame body
71 First frame body member
72 Second frame body member

The mvention claimed 1s:

1. A power storage module comprising:

a plurality of bipolar electrodes each including an elec-
trode plate, a positive electrode formed on a first face
of the electrode plate, and a negative electrode formed
on a second face of the electrode plate; and

a plurality of separators with which the bipolar electrodes
are stacked alternately, wherein

the power storage module includes a cylindrical resin
portion that extends 1n a direction in which the plurality
of bipolar electrodes are stacked and that accommo-
dates therein the plurality of bipolar electrodes,

the resin portion includes a first seal portion that has a
cylindrical shape and 1s joined to peripheral edge
portions of the electrode plates, and a second seal
portion that has a cylindrical shape, 1s disposed outside
the first seal portion 1n a direction that crosses the
stacking direction of the bipolar electrodes so that an
outer peripheral surface of the first seal portion 1s
sealed by the second seal portion,

the separators are disposed such that outer peripheral ends
of the separators are located between an outer periph-
eral end of the first seal portion and an inner peripheral
end of the first seal portion,

the first seal portion includes a plurality of frame bodies
stacked 1n the stacking direction, the frame bodies each
have a step formed between an inner peripheral portion
of the frame bodies and an outer peripheral portion of
the frame bodies,

cach of the separators includes a peripheral edge portion
disposed 1n the step of the frame bodies so that the
peripheral edge portion of each of the separators con-
tacts the inner peripheral portion of the frame bodies,
and a clearance 1s provided in the stacking direction
between the peripheral edge portion of the separators
that contacts the mner peripheral portion of the frame
bodies and the electrode plate of the adjacent bipolar
clectrodes.

2. The power storage module according to claim 1,

65 wherein

cach of the frame bodies contacts the peripheral edge
portion of the corresponding electrode plate and has a
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thickness that 1s greater than a thickness of the corre-

sponding separator in the stacking direction of the

bipolar electrodes.

3. The power storage module according to claim 1,

wherein

the 1inner peripheral portion of each of the frame bodies 1s
disposed on eirther one of the first face and the second
face of the corresponding electrode plate, and joined to
the one of the first face and the second face on which
the frame body i1s disposed, and

the outer peripheral portion of each of the frame bodies 1s
formed continuously from an outer side of the inner
peripheral portion, and 1s contacted with one of the
frame bodies that 1s adjacent in the stacking direction of
the bipolar electrodes.

4. The power storage module according to claim 1,

wherein

the frame bodies each include:

a first frame body member that 1s disposed on the first
face of the corresponding electrode plate and joined
to the first face; and

a second frame body member that 1s disposed on the
second face of the corresponding electrode plate and
joined to the second face, and

either one of the first frame body member and the second

frame body member of each of the frame bodies has the
step.

5. The power storage module according to claim 1,

wherein

the frame bodies each include:

a first frame body member that i1s disposed on the first face
of the corresponding electrode plate and joined to the
first face; and

a second frame body member that 1s disposed on the
second face of the corresponding electrode plate and
joined to the second face, and

the step that 1s formed between the corresponding elec-
trode plate and either one of the first frame body
member and the second frame body member of the
corresponding frame body.

6. A power storage device comprising:

the power storage module according to claim 1, wherein
the power storage module 1s a plurality of power
storage modules, and the power storage modules are
stacked senally in the stacking direction,

conductor plates alternately stacked with the power stor-
age modules, and

a binding member, wherein the binding member imncludes
a pair ol binding plates and connecting members that
connect the binding plates together, and
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cach one of the pair of binding plates 1s located at
opposing outer ends, in the stacking direction, of the
power storage modules and the conductor plates that
are alternately stacked, so that the binding member
binds together the power storage modules and the
conductor plates in the stacking direction.

7. A power storage module comprising:

a plurality of bipolar electrodes each including an elec-
trode plate, a positive electrode formed on a first face
of the electrode plate, and a negative electrode formed
on a second face of the electrode plate;

a plurality of separators with which the bipolar electrodes
are stacked alternately; and

a cylindrical resin portion that extends in a direction 1n
which the plurality of bipolar electrodes are stacked
and that accommodates therein the plurality of bipolar
electrodes, wherein

the resin portion includes a first seal portion that has a
cylindrical shape and 1s joined to peripheral edge
portions of the electrode plates, and a second seal
portion that has a cylindrical shape, 1s disposed outside
the first seal portion 1 a direction that crosses the
stacking direction of the bipolar electrodes so that an
outer peripheral surface of the first seal portion 1is
sealed by the second seal portion,

the separators are disposed such that outer peripheral ends
of the separators are located between an outer periph-
eral end of the first seal portion and an inner peripheral
end of the first seal portion,

the first seal portion includes a plurality of frame bodies
stacked 1n the stacking direction, the plurality of frame
bodies each have a step formed between an inner

peripheral portion of the frame bodies and an outer
peripheral portion of the plurality of frame bodies,

the outer peripheral end of the separator 1s disposed 1n the
step of the plurality of frame bodies,

the separator includes a first face that contacts a first
surface of a first frame body of the plurality of frame
bodies,

the separator includes a second face that 1s opposite from
the first face of the separator 1n the stacking direction,
and

the second face of the separator faces a second surface of
a second frame body of the plurality of frame bodies,
and a clearance 1s provided in the stacking direction
between the second face of the separator and the second
surface of the second frame body.
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